A completely random design of this experiment was conducted to evaluate rocket and onion oils or mixture of these oils in diets of NZW rabbits under climate summer conditions on their productive and reproductive performance traits. Digestibility coefficients and nutritive values, milk yield, some blood serum constitute and economic efficiency, semen characteristics of buck and their offspring performance were estimated. A total number of 48 NZW rabbit does (6 months old) and 12 bucks (6 month old) with nearly similar weights were divided at random into four groups (12 does and 3 bucks in each). Rabbits were fed either basal diets as control diet (G1) or control diet supplemented with either 1 g/kg diet of rocket oil (G2), onion oil (G3) or mixture of these oils (G4). The experiment prolonged during the hot summer conditions started in May to July, 2009. The experimental diet was isonitrogenous (CP=18.5%) and isocaloric (about 2401 kcal/kg DE).
those fed mixture of rocket oil and onion oil. However, control group
INTRODUCTION
Hot climate conditions in summer season represent a problem for rabbit production in many countries all over the world, including Egypt (Habeeb et al., 1993 and Marai et al., 1996) . Rabbits are very sensitive to heat stress, as it negatively affects production (Fouad, 2005) .
Exposure of rabbits to heat stress evokes a series of remarkable changes in their biological function, which ends with impairment of production and reproduction (Marai et al., 2004) .
High mortality percentages and reduce fertility were recorded with rabbits exposed to high-temperature environments due to the heat stress which cause a weakness of rabbits and changes in their biological function El-Banna, 2003 and Okba et al., 2008) .
Many attempts have been done to overcome the adverse effects of heat stress by modifying environmental condition through nutritional, managerial and physiological manipulation of rabbits (Bassuny, 1999 and Selim et al., 2003) .
Medicinal plant oils such as rocket and onion oils are rich in factors interest in disease prevention and health promotion. These beneficial factors include monounsaturated and polyunsaturated fatty acids, tocopherols, carotenoids and antioxidative phenolic compounds. Also, these plant oils were found to contain natural substances that promote health and ameliorate the body condition against the stress (Eisenberg et al., 1993) . This study was carried out to determine the effect of addition of 1.5% of either onion oil, rocket oil or mixture of these oils to the commercial rabbit ration on productive and reproductive performance of NZW doe and buck rabbits under the host condition in summer season in Egypt.
MATERIALS AND METHODS
The present study was carried out at Sakha Research Station, Animal Production Research Institute, Agricultural Research Center, Egypt. The experiment lasted from May to July, 2009. This experiment was conducted to evaluate rocket and onion oils or mixture of them as supplements in the diets on productive and reproductive performance traits of doe and buck adult New Zealand White (NZW) rabbits. Digestibility coefficients and nutritive values, some blood serum constitutements and economic efficiency and semen characteristics of bucks were also evaluated. In a complete randomized design, a total number of 48 adult NZW rabbit doe and 12 NZW bucks (6 month old) with nearly similar weight, were divided at random into four equal experimental groups (12 does and 3 bucks in each). Rabbits were fed either basal diet (Control) or basal diet supplemented with 1 g rocket oil /kg diet (G2), or onion oil (G3) and combination for these oils (G4). The experimental diet were formulated to be isonitrogenous (18.5% CP) and isocaloric (about 2401 kcal DE /kg) according to NRC (1984) for pregnant does and bucks allowances recommendations.
Formulation and chemical composition of the experimental diets are presented in Table 1 . All does and bucks used in this study were housed during the experimental period in individual galvanized metal wire cages with dimensions of 60 x 50 x 35 cm. All cages were provided with feeding hoppers made of galvanized, stainless steel sheets and automatic nipples for drinking water. Cage of each doe was provided with a metal nest box for kindling. Each buck was mated for 1-4 does of the same breed and each doe was palpated 10 days post-mating, to detect pregnancy. The doe which failed to conceive was returned to the same mating buck.
Bunnies were deprived from suckling for 24 h by separation between the mother and the litters, thereafter, the bunnies were allowed to suckle their mothers. Bunnies were weaned at 28 days. Number of doe copulated, number of mating/group, conception rate (%), parturition, litter size at birth (LSB) and litter size at weaning (LSW), litter weight at birth (LWB), litter weight at weaning (LWW), feed intake, bunny weight at birth (BWB), weaning (BBW), 28 days were recorded. Milk yield at 1 st , 2 nd , 3 rd , 4 th week of suckling was estimated by using, doe-suckle weight method (Lukefahr et al., 1983) .
The nest box was removed from the doe cage for 24 h, after this time, milk yield is measured by subtracting doe weight before nursing, from the doe weight after nursing. Also, milk yield was measured by subtracting the litter weight before nursing from the litter weight after nursing. Feed conversion was estimated as kg total feed intake/ kg total milk yield during lactation. All rabbit were kept under the same managerial, hygienic and environmental conditions. During sucking weeks, milk intake by bunnies of each doe and milk composition were recorded. Milk intake at the first three successive days with each week was determined by the difference in LBW of does before and after suckling, while milk composition was estimated using milko-scan (Model 133 B).
At the end of the experimental period, a digestibility trial was conducted using 4 male rabbits from each treatment group. The rabbits were individually housed in metabolism cages that permit to collect faeces and urine separately. The trial lasted 9 days, 3 days as a preliminary period, followed by 6 days to quantify the daily feed intake and faeces output. Samples of daily faeces of each animal were taken and oven dried at 65 o C for 24 hours, then ground and stored in plastic bags until the end of the trial. The composite samples of feed offered and faeces output were chemically analyzed according to A.O.A.C.(1999) for crude protein (CP), ether extract (EE), crude fibre (CF), nitrogen free extract (NFE) and ash. Metabolizable energy values of the basal diet was calculated according to the equation of Kalogen (1985) as follows: ME (Kcal/kg diet DM) = (0.588+0.164x) 239. Where, x is a dry matter digestion coefficient of the basal diet. The total digestible nutrient (TDN) value of the diet was calculated as the sum of multiplying the digestible ether extract (EE) by the factor 2.25 and multiplying each of digestible crude protein, crude fiber and nitrogen free extract (NFE) by the factor 1.0. Gas-liquid chromatography (GLC) was used for identification and identification of fatty acids composition of rocket and onion oils in the Laboratory of Department of Natural Products Chemistry, National Research Center, Faculty of Agriculture Kafr El-Sheikh, Kafr El-Sheikh University, Egypt.
Blood samples were taken from four female rabbits at the end of experimental period from each treatment to study the influence of experimental diets on some blood constituents. Blood samples were individually taken from ear vein of each female rabbit into dry glass tube (5 ml). Blood serum was separated by centrifugation at 3000 r.p.m. for 15 minutes. Serum was separated in plastic vials and stored frozen at -20 o C until the biochemical analysis. Stored serum samples were analyzed for total protein, albumin, cholesterol, triglycerides and HDL using the suitable commercial chemical kits. Globulins were estimated by subtraction of albumin value from total protein value of each sample.
Semen was collected from each buck rabbit, one week after natural mating of the females (which were a subject of a similar study), twice a week for three times by means of an artificial vagina using a female teaser rabbit. At each semen collection (n=5 for each buck), ejaculate volume (ml), sperm-cell concentration (x10 6 /ml), percentage of sperm motility, percentage of dead and abnormal spermatozoa were determined according to Smyth and Gordan (1967) .
Data were subjected to one-way analysis of variance applying SAS program (SAS, 2003) using General Linear Model Procedures (GLMP). Significant differences among treatment means were separated using Duncan's multiple range procedure (Duncan, 1955) .
RESULTS AND DISCUSSION

Fatty acids composition of onion and rocket oils:
Results presented in Table ( 2) showed that the percentages of total unsaturated fatty acids, especially polyunsaturated fatty acids (linoleic) in onion oil were higher than in rocket oil.
However, the percentage of fatty acids with C22:1 Erucic acid was higher in rocket oil than in onion oil. These results indicate that either onion oil or rocket oil are good sources for the essential fatty acids in rabbit diets. Also, the experimental diets containing onion and rocket oils gave the satisfied contents of monounsaturated fatty acids (MUSFAs) and polyunsaturated fatty acids (PUFAs).
Does performance traits:
Body weight and gain of does at the first mating and at the end of experimental period as affected by feeding diet supplemented with rocket and onion oils or mixture of these oils are presented in Table 3 . Results showed that, NZW rabbits does received diet with rocket oil recorded the highest (P<0.05) values of final body weight and gain as compared to the control group. These results are in agreement with those reported by El-Tohamy and El-Kady (2007), who found that live body weight and daily weight gain of rabbits significantly increased by feeding diet containing 50% rocket seed meal of dietary CP supplied by soybean meal in control diet. Also, Zeweil et al. (2009) found that feeding rabbits on diet contained 10.5% rocket seed meal (RSM) during the whole experimental period resulted in significant (P<0.01) improvement in total weight gain by 15.1% as compared to the control (1042 vs.905 g), Moreover, addition of water-cress up to 3% in rabbit diets significantly (P<0.01) improved body weight gain (Soad Ahmed et al., 2005) . This may be due to that rocket seeds contain health promoting agents, including carotenoids, vitamin C, fibers, glucoerucin and flavonoids (Barillari et al., 2005) . The major constituent of rocket seed volatile oil is isothiocyanates, which has antioxidant, antimicrobial and anticarcinogenic activities (Badee et al., 2003; Barillari et al., 2005 and Haristory et al., 2005) . In general, rocket (Eruca sativa) is one of the medicinal plants known as on a phrodisiac (Zohara et al., 1998) . Table ( 3) show also that conception rate, number of parturition as well as, litter size, litter weight and litter weight gain at birth and weaning were significantly (P<0.01) the highest for does fed rocket oil as compared with other groups. The observed improvement in reproductive performance in terms of conception rate and litter size at birth of does fed rocket oil diet may be attributed to the higher content of TSFA in rocket, which improved reproductive performance of does than those fed the other experimental diets (Table 2 ). In addition, improving litter weight at weaning produced from the same does may be due to the increase of doe milk yield (Table 5 ). Furthermore, does fed rocket oil diet showed significantly (P<0.05) the highest digestibility coefficients of CP and consequently the highest DCP content. These results are in agreement with those reported by Bassuny (1999) who found marked increase in conception rate, litter size, litter weight and gain of bunnies at birth, 21 and 28 days with the increase of DE and CP contents in the diet. Similar results were obtained by Struklec and Kermiouner (1995) .
Results in Table ( 3) revealed that average weekly or total feed consumption during different weeks of the suckling period was significantly (P<0.05) the highest for does fed rocket diet and the lowest for groups fed onion oil and control diets. Similar results were observed by Ibrahim (2005) when the basal diet of rabbits was supplemented with 1% rocket seeds. Moreover, Magda El-Tohamy et al. (2010) declared that daily feed intake for rabbits showed a significant (P<0.01) variation and rocket diet revealed an increment by 10.9% compared to control diet. Increasing feed consumption of rocket oil diet may be due to its beneficial effect for stimulating and activating the digestive system by improving the diet palatability and enhancing appetite. Radish rocket and mixed meals gave the best feed conversion values that may be attributed to the properties of these materials that act not only as antibacterial, antiprotozoal and antifungal but also as antioxidant (Bardley, 1992) .
Digestibility coefficients and nutritive values:
Data in Table ( 4) cleared that only digestibility coefficient of CP and EE was affected significantly (P<0.05) by dietary addition, being the highest for rocket diet, followed by rocket plus onion diet. However, digesion of DM, OM, CF and NFE was not affected significantly by dietary addition. Also, inclusion of rocket oil or combination with onion oil in the diets of rabbits significantly (P<0.05) improved the nutritive value expressed as DCP compared with the other treatments and control diet. These results are in harmony with those of Soliman et al. (2006) , who reported that feeding of rocket seed meal diet had no adverse effect on digestibility coefficient and nutritive values. Also, Bassuny (1999) noticed significant (P<0.05) increase in EE and NFE, nutritive values (TDN and DCP) with the increase of DE and CP contents in the diet. Soad Ahmed et al. (2005) showed that addition of water-cress up to 3% in rabbit diets significantly (P<0.01) improved apparent digestibility coefficients of most nutrients. 
Milk yield of does:
The results presented in Table (5) show that the average daily milk yield during different lactation weeks or total milk yield for all the lactation weeks was significantly (P<0.05) the highest for does fed rocket oil diet, followed by does fed rocket plus onion oils, while does fed the control diet recorded the lowest milk yield. Does fed rocket oil plus onion oil diet ranked the second for milk production. Average daily milk yield (g/doe) increased during the third week of suckling by about 76.27% as compared with those at the first week. The increased in milk yield and total milk yield, may be due to the highest feed intake and the higher TDN and DCP of does fed rocket oil diet (Table 4) . Similarly, Xiccato et al. (2004) reported that the milk production increase is a response to the higher live weight and feed intake capacity of multiparous does. Also, Bassuny (1999) reported that high DE and/or DCP intake stimulate milk production.
Concerning the results of feed conversion ratio to milk production, the present results in Table (5) clearly showed that rocket oil group had significantly (P<0.05) the best feed conversion, followed by rocket plus onion oils, and onion oil group alone, whereas control group had the lowest feed conversion ratio, These results were mainly related to higher milk yield rather than feed intake.
Milk composition of does:
Milk composition including percentages of fat, protein, lactose, total solids and solids not fat are presented in Table 6 . Results revealed that does fed onion oil diet showed significantly (P<0.05) the highest milk contents at most lactation weeks, although does in all groups showed nearly similar trend of changes throughout the lactation weeks. The trend of change in milk fat content was in negative relationship with milk yield at the 3 rd and 4 th week (Goerg, 2005) . The observed decrease in milk contents of does fed rocket oil diets may be related to increasing milk production as compared to those fed the other diets. Also, there was a relationship between fat and content of total solids in milk of all groups. In this respect, Pascual et al. (1996) reported that the highest values of DM content in milk of doe were mainly related to fat content. Increasing fat content in milk of does fed onion oil compared with rocket oil or their combination in the diet may be due to increasing percentage of poly unsaturated fatty acids (PUSFA) in onion than in rocket oils.
Bunny performance:
Data shown in Table (7) clear that average bunny weight at birth was not affected significantly by dietary additives. However, weight at weaning, weight gain and relative growth rate of bunnies were higher for treated groups than the control one, being significantly (P<0.05) the highest for bunnies produced from does fed rocket oil diet, followed by those fed rocket plus onion oils diet and onion oil only, while the control group had the lowest values. Superiority of bunnies produced from does fed rocket oil diet may be associated with increasing milk yield of these does as compared to those in the other groups. In accordance with the present results, Kowalsk (2008) showed that oil supplemented diets increased kit weight at birth, 21 days and 35 days of age (P<0.01) in the three reproductive cycles. Also, Bassuny (1999) reported that the increase of nutritional components contents (DE and CP) was more than 110% of NRC requirements for does under heat stress which led to improving the weight and gain of produced bunnies at birth, 21 and 28 days and post-weaning gain. However, Hoda A. Shabaan et al. (2006) indicated that cumn oil (medicinal herbs oil) supplemented and fed diet to rabbit does had no significant effect on litter weight at birth, 21 days and weaning.
Results in Table (7) also revealed that mortality rate at birth and during the suckling period was significantly (P<0.05) lower in bunnies of does in all treated groups as compared to the control group, being the lowest for bunnies of does fed onion oil diet, followed by those fed combination of rocket plus onion oils diet and rocket oil diet, respectively.
Such trend was mainly attributed to improving milk composition of does fed onion oil diet, in particular fat and lactose contents. The increase of nutritional components contents led to improving mortality rate (4.2, 4.0, 2.0 and 1.96%), respectively (Bassuny, 1999) . Also, the observed high viability rate of bunnies of all treated does may be due to that the tested oils rich in factors beneficial to health including natural substances that promote health and ameliorate the body condition to counteract the illness. In addition, the main causes of mortality were the proliferation of conditionally pathogenic Escherichia coli, responsible for enteritis and the presence of Streptococci, which are relatively or conditionally pathogenic bacteria (Kowalsk, 2008) .
Effect of experimental diets on blood biochemistry:
Protein fractions of does at the end of experimental period as affected by diets containing different types of rocket oil, onion oil or mixture of this oil under hot summer conditions are presented in Table 8 . Since albumin and globulin are components of serum proteins, because albumin is synthesized in the liver, one element is used to monitor the liver function (Friedeman et al. 1980) . NZW rabbit does received rocket plus onion oils to diets recorded the highest (P ≤ 0.05) values of serum total protein and albumin followed by rocket oil. However, control group recorded the lowest value. These results were in agreement with Hussein et al. (2007) who found that Garlic and onion oils improved serum total protein and albumin. In the current study, significant increase in serum total protein and albumin was observed in rocket and onion oils co-administered NZW rabbit does, that indicates the ability of these oils to stimulate the regeneration of hepatic tissue which increase protein synthesis in liver and improvement of the functional status of the liver cells.
Does received rocket oil diet recorded the lowest (P ≤ 0.05) values of cholesterol, triglycerid and LDL followed by rocket oil plus onion oil. However, control group recorded the highest value (Table 8 ). These results were in agreement with Mukherjee et al.(2004) and Yazdanparast et al. (2008) intragastric administration of Nasturtium officinale (Rocket) (500 mg/kg body weight per day) to groups of hypercholesterolaemic rats for 30 days lowered their blood total cholesterol (TC), triglyceride (TG), and low density lipoprotein cholesterol (LDL-C) levels by 37, 44 and 48%, respectively. The mechanism of action was suggested by Sodimu et al.(1984) who indicated that garlic oil prevented an increase of cholesterol, triglyceride and total lipids by inactivation of thiol group enzymes as HMG-CoA reductase and CoASH, the rate limiting enzyme for cholesterol biosynthesis and the multi-enzyme complex for fatty acid biosynthesis.
Semen characteristics:
Results in Table ( 9) show that most physical semen characteristics, including sperm cell concentration, and percentages of motility and dead spermatozoa significantly (P<0.05) improved by feeding rabbit bucks on rocket oil or onion oil diets, being the best for those fed rocket oil diet. However, semen ejaculate volume and percentage of sperm abnormality were not significantly affected in buck by feed additives. Soad Ahmed et al. (2005) showed that using water-cress improved (P<0.01) semen ejaculate volume, sperm motility, sperm cell concentration and decreased the percentage of dead and abnormal spermatozoa compared with the control group. The author added that the tests of buck feed diets containing water-cress had more mature somniferous tubules with mature spermatocytes than those of the control bucks. El-Tohamy and El-Kady (2007) using radish, rocket and black cumin meal in adult male diets improved semen quality and gave the best results in case of reaction time, latency period, volume, motile sperm percentage, sperm concentration per ml, total sperm per ejaculate, total motile sperm and total function sperm fraction. Feeding radish or mixture meals significantly decreased free radicals production in the seminal plasma.
Economic efficiency:
Data shown in Table ( 10) clear that rabbits fed diet rocket oil recorded the highest net return and best economic efficiency followed by those fed onion oil and rocket oil plus onion oil diets, however control group had the lowest net return and economic efficiency. Conclusively, from theses results it could be concluded that addition of 1 g rocket oil /kg diet was more effective than other treatments for improving productive and reproductive performance traits, digestibility coefficients and nutritive values, milk yield of NZW doe and buck rabbits under hot climate of summer season in Egypt.
